Zoonotic diseases can be occupational hazards to people who work in close contact with animals or their carcasses. In this cross-sectional study, 190 sera were collected from butchers and slaughterhouse workers in different regions of the Sistan va Baluchestan province, in Iran in 2011. A questionnaire was filled for each participant to document personal and behavioural information. The sera were tested for detection of specific IgG antibodies against brucellosis, leptospirosis, and Q fever (phase I and II) using commercial enzyme-linked immunosorbent assays (ELISA). The seroprevalence of brucellosis was 7.9%, leptospirosis 23.4%, and phase I and II of Q fever were 18.1% and 14.4%, respectively. The seroprevalence of Q fever and leptospirosis, but not brucellosis, varied among regions within the province (p = 0.01). Additionally, a significant relationship was found between seropositivity of Q fever and camel slaughtering (p = 0.04). Reduced seropositivity rate of brucellosis was associated with use of personal protective equipment (PPE) (p = 0.004). This study shows that brucellosis, leptospirosis and Q fever occur among butchers and slaughterhouse workers in this area.
Introduction
Many zoonotic diseases and human pathogens are occupational hazards faced by individuals who come into close contact with animals or their carcasses. The probability of contact with zoonotic pathogens while working depends upon various factors, such as the health status of the animals, the type of work performed, the frequency of contact with live animals, carcasses
Ethical considerations
The ethical committee of the Pasteur Institute of Iran approved the consent procedure, the proposal and protocol of this study, covering all the samples taken (blood), questionnaire and verbal informed consent as most of the participants were either illiterate or had a primary education.
Samples collection
In this cross-sectional study, blood samples were obtained from butchers and slaughterhouse workers after obtaining their informed consent. All official slaughterhouses in this province were recruited and participants were selected randomly among the employees. Sampling was carried out in slaughterhouses in the north, centre, and south of the province. The inclusion criteria were being over 18 and working as a butcher or slaughterhouse worker for a minimum of 6 months. Information of each participant, including demographic characteristics (age and gender), work history, exposure to risks during work, use of personal protective equipment (PPE) (including mask, gloves, overalls and boots), and their knowledge, attitude, and practices about common zoonotic diseases was collected by means of a researcher-developed questionnaire (Table 1) . A 10 mL blood sample was collected from each participant after obtaining informed consent. Sera were kept at -20°C and transferred to the Department of Epidemiology of the Pasteur Institute of Iran (Tehran).
Serological tests
Detection of brucellosis antibody (IgG). The commercial enzyme-linked immunosorbent assay (ELISA) kit (IBL, Hamburg, Germany), was used for brucellosis antibody (IgG) detection. Briefly, 1 μL of the sera was diluted 1:100, and after washing with buffer-washing, 100 μL of horseradish peroxidase-conjugated anti-human IgG was added. The mixture was incubated for 30 minutes at room temperature and then treated with tetra methyl benzidine (TMB) for 20 minutes. A Brucella antibody-antigen reaction was indicated by a blue coloration. Subsequently, a TMB stop solution was added, and the optical density (OD) of the well was measured at 450 nm by a micro plate reader (ELx808, BioTek Instruments Inc., Winooski, VT, USA). Antibody activities were calculated using a standard curve according to the manufacturer's guidelines.
The positive and borderline sera detected using the ELISA method were confirmed with the standard tube agglutination (STA) test as a gold standard test for brucellosis diagnosis. We used a locally prepared antigen and a STA test produced by the Pasteur Institute of Iran. Sera were serially diluted from 1:20 to 1:1280, mixed with the standard tube agglutination antigen and then incubated at 37°C for approximately 24 hours. Each batch of the test included a positive control and a negative control. Serum titers 1:80 were considered positive [19, 20] .
Detection of leptospirosis antibody (IgG). Anti-Leptospira IgG antibodies were detected using a commercial ELISA kit (Serion/Verion Co, Germany, Kit number: ESR 125 G) according to the manufacturer's instructions. The plates were read at 405 nm using a micro plate reader (ELx808, BioTek Instruments Inc., Winooski, VT, USA). The cut-off value was calculated on the basis of the standard curve corrected by the mean of the extinction of the standard serum in accordance with the manufacturer's instructions. Quantitative analysis was evaluated for IgG antibodies. A result >30 U/mL was regarded as positive.
Detection of Coxiella burnetii antibodies (IgG I and II). IgG antibodies against C. burnetii were detected using a commercial ELISA kit (Serion/Verion Co., Germany, Kit number ESR 1312 G) according to the manufacturer's instructions. Phase I and II antibodies were identified in separate assays. The plates were read at 405 nm using a microplate reader (ELx808, BioTek Instruments Inc., Winooski, VT, USA). For phase I antibodies, the sample was considered positive when the serum OD was >10% above the OD cut-off value. For phase II, antibody activities in IU/mL were calculated using a standard curve which was incorporated in the kit following the manufacturer's guidelines.
Statistical analysis
The data were analysed using SPSS software (Version 16, SPSS Inc, Chicago, Ill). Chi-square, Fisher's exact and logistic regression tests were used to compare the variables during analysis. All results were considered statistically significant if the p-value was equal to or less than 0.05, and marginally significant if the p-value was between 0.05 and 0.1.
Results
In this study, 190 blood samples was taken from butchers and slaughterhouse workers residing in 11 counties of the Sistan va Baluchistan province, including Zahak and Zabol in the north, Iranshahr, Zahedan and Khash in the centre and Chabahar, Sarbaz, Saravan and Konarak in the south of the province. The median (maximum, minimum) age and work experience of participants in this study were 33.5 (18, 86) and 8 (1, 44) years, respectively. All participants were male and 96.8% of them claimed to be satisfied with their occupation. Detailed information about the all participants is shown in S1 Dataset.
In total, 162 (85.3%) participants were directly involved in animal slaughtering, 43 (22.6%) in transportation and handling of animal residues, and 2 (1.1%) only inspected the carcases. A ELISA results revealed that 8.4% of participants were positive and 4.2% at borderline for anti-Brucella IgG; the seroprevalence of brucellosis among the participants was 7.9% using the standard tube agglutination test (STAT).
Furthermore, 23.4% and 15.8% of participants were positive and borderline, respectively, for anti-Leptospira IgG using ELISA.
Seroprevalence of Q fever antibodies, of phases I and II (IgG) were 18.1% and 14.4%, respectively, and 13.9% and 8.4% of participants had a borderline titre for phase I and phase II antibodies, respectively. The overall seroprevalence of Q fever (participants having antibodies of phase I and/or phase II) was 22.5%. The highest brucellosis seroprevalence was observed in Chabahar (20.0%) and Nikshahr (20.0%), and the highest Q fever seroprevalence was in Zahak (40.0%) and Iranshahr (42.9%). Leptospirosis seroprevalence was highest in Khash (58.3%) and Zahak (40.0%). The participants from Saravan County in the south of the province had no antibodies to any of the three pathogens (Table 1) .
Participants from central and northern regions were 7.26 (OR: 7.26, 95%CI: 1.64, 32.18) (p = 0.01) and 10.38 (OR: 10.38, 95%CI: 2.19, 49.13) (p = 0.003) times more likely to be seropositive, respectively, for Q fever than those from southern regions. A significant difference in leptospirosis seropositivity was seen between southern (11.4%) and central (32%) regions (OR: 3.66, 95%CI: 1.32, 10.2, p = 0.01), but no significant difference was found between southern and northern regions (OR: 2.07, 95%CI: 0.63, 6.76, p = 0.23). Brucellosis seroprevalence did not differ significantly among regions ( Table 2 ).
There were no associations between the age of the investigated persons and the seroprevalence rates of leptospirosis, Q fever or brucellosis. There was, however, a significant association between seroprevalence of Q fever and camels slaughtering (p = 0.05, OR: 2.01, 95%CI: 0.99, 4.09). The use of PPE was negatively associated with the seroprevalence of brucellosis (p = 0.004, OR: 0.14, 95% CI: 0.03, 0.64). A marginally significant positive correlation was found between seroprevalence of Q fever and having a history of cutting hands (p = 0.06, OR: 2.07, 95% CI: 0.97, 4.34) and the attitude of the workers (considering themselves at risk of zoonotic disease, because of their job: p = 0.06, OR: 0.35, 95% CI: 0.12, 1.07; Table 1 ).
Variables such as work history, work type, splashing of animal secretions on face or body and occupational injury were not significantly associated with seroprevalence rates of leptospirosis, brucellosis or Q fever.
Discussion
In this study we obtained the seroprevalence of antibodies to three zoonotic bacterial diseases among slaughterhouse workers and butchers in the Sistan va Baluchestan province in southeastern Iran.
Brucellosis is an endemic disease in Iran and has been reported from different parts of the country [21] . In our study, the seroprevalence of brucellosis among butchers and slaughterhouse workers was 7.9%. Different similar studies were conducted among slaughterhouse workers and general population [2, 4, [22] [23] [24] [25] [26] [27] . This rate was lower than those obtained from similar studies conducted on butchers and slaughterhouse workers from Khorasan Razavi province in the northeast of Iran (48%) [25] , Kerman city in the south of Iran (58.6%) [4] , Saudi Arabia (35%) [27] , India (25.5%) [28] , Pakistan (22%) and (21.7%) [29, 30] , and Tanzania (19.5%) [6] and was higher than what was reported from Brazil (4.2%) [31] , and South Korea (0.8%) [32] (Table 3) . Collectively, these studies indicate that butchers and slaughterhouse workers might face different levels of risk to zoonotic infectious diseases in different areas, possibly due to variation in infection rates among animals, differences in human lifestyle and use of PPE. Taken together, working in a slaughterhouse in Iran seems to be a risk factor for contracting brucellosis, which is further supported by a previous screening among blood donors in the general population in the Bushehr province, southern Iran, that estimated brucellosis seroprevalence to 0.057% [26] .
In the present study, 22.8% of participants always used PPE (masks, gloves, overalls and boots) and use of PPE was found to be a protective factor against brucellosis, similar to other studies [6, 32] . The accidental splashing of blood and other fluids of infected animals in the vicinity of the mouth and/or injured parts of the body increases the exposure of slaughterhouse workers and butchers to Brucella [32] . Previously identified risk factors for the acquisition of brucellosis in Iran include the consumption of fresh cheese, contact with animal skins and consuming undercooked meat or raw milk [33] . Brucellosis is also an occupational hazard for certain professions in health settings, such as veterinary and laboratory personnel's [33] .
The environment and the socioeconomic conditions along the Caspian Sea littoral zone in the north of Iran are more favourable for the survival and transmission of Leptospira spp. spirochetes than in other areas of Iran [34, 35] . The dry and desert climates in the Sistan va Baluchestan are believed to be less suitable for environmental survival of Leptospira spp. spirochetes. This disease can be transmitted to people coming into close contact with animals. Different studies were conducted among slaughterhouse workers and butchers in Iran [5, [36] [37] [38] . In our study, the seroprevalence of leptospirosis was 23.4% among butchers and slaughterhouse workers in the province. In other studies carried out on butchers and slaughterhouse workers in Iran, the seroprevalence of leptospirosis was higher in Zanjan province (northwest of Iran)) 34.7% ( [5] and in Tehran province (northern Iran)) 58% ( [37] . However, in similar studies in other countries, the seroprevalence of leptospirosis was lower than this study: Brazil (4%) [38] , Mexico (8.2%) [39] and New Zealand (11%) [40] (Table 3 ). The comparatively high seropositivity rate in this study is interesting, as no human leptospirosis case has been reported from Sistan va Baluchestan and that none of the seropositive individuals in this study had clinical symptoms registered in their medical history. However, this disease has been reported from South Khorasan and Afghanistan which share borders with Sistan va Baluchestan [42, 43] . A study in Pakistan in 2010-2011 revealed a 44% seropositivity rate among veterinarians, petowners and livestock holders [44] .
The last human case of Q fever in Iran was reported in 1973 [45] . Recently, this infection was reported in livestock in different regions of the country [46] [47] [48] , and anti-C. burnetii antibodies were detected in febrile patients in the Kerman province, west of Sistan va Baluchestan [49]. It is known that antibodies against antigens of phase I and II persist for months or years after primary infection. Since the clinical diagnosis is difficult, in most cases, diagnosis of Q fever depends on serological tests [50] . In our study, the seroprevalence rate of phase I and II antibodies in butchers and slaughterhouse workers of Sistan va Baluchestan were 18.1% and 14.4%, respectively. In other studies carried out on butchers and slaughterhouse workers, the seroprevalence of phase I and II IgG antibodies for Q fever was higher in Kurdistan province, western Iran (38%) [2] , Kerman province, south-eastern Iran (68%) [3] , Brazil (29%) [51] and Turkey (50.9%) [52] ( Table 3 ). In the present study, the seropositivity of Q fever among butchers and slaughterhouse workers in the central and northern regions of Sistan va Baluchestan was significantly higher than the southern regions of the province, which may be related to the recent human outbreak of Q fever in Afghanistan (Bamyan province in 2011) [18] , and/or to larger livestock population in this region and high number of animals imported from Afghanistan. In this study, we observed an association between Q fever seropositivity and camel slaughtering, a finding which is in agreement with other studies reporting Q fever infection in camels in south-eastern Iran [14, 53] . Also, in a study in Chad, Africa, camel breeding was a significantly associated with Q fever seropositivity [54] . Apart from occupation, other factors like access to safe water supplies and basic sanitation can contribute to infection risk. The risk of these three bacterial zoonotic diseases to butchers and slaughterhouse workers could have been evaluated more precisely if we had included the general population sera as a control group, which unfortunately was not feasible at the time of the study. Another, drawback was lack of access to the gold standard tests for confirmation of leptospirosis and Q fever.
The current study provided some valuable information on health status of butchers and slaughterhouse workers from south-eastern Iran, which can be useful for health policy makers in their future planning.
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